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S ELF-RECOVERING CUR RENT- LIMITING DEVICE WITH LIQUID METAL 
Field of the Invention 

[0001] The present invention relates to a self-recovering current-limiting device with liquid 
metal according to the definition of the species in Claim 1 . 



[0002] Soviet Union Patent Document SU 922 91 1 A describes a self-recovering current- 
limiting device containing electrodes made of solid metal which are separated by first 
insulating bodies which are designed as a pressure-resistant insulating housing. Inside the 
insulating housing, compression spaces are formed by insulating intermediate walls and 
second insulating bodies which are arranged therebetween and designed as ring-shaped 
sealing disks, the compression spaces being partially filled with liquid metal and arranged 
one behind the other and interconnected via connecting channels of the intermediate walls, 
the connecting channels being filled with liquid metal and arranged off-center. Thus, in 
normal operation, a continuous, inner conductive connection exists between the electrodes via 
the liquid metal. In the current-limiting event, the liquid metal is displaced from the 
connecting channels as a result of the high current density. In this manner, the electrical 
connection of the electrodes via the liquid metal is interrupted, resulting in the limiting of the 
short-circuit current. Subsequent to clearing or eliminating the short circuit, the connecting 
channels refill with liquid metal whereupon the current-limiting device is operational again. 
In German Patent Document DE 40 12 385 Al, a current-limiting device having only one 
compression space is described and vacuum, protective gas, or an insulating liquid are 
mentioned as the medium above the liquid level. According to Soviet Union Patent 
Document SU 1 076 981 A, the connecting channels of adjacent intermediate walls are 
staggered relative to each other for improving the limiting characteristics. It is known from 
German Patent Document DE 26 52 506 Al to use gallium alloys, in particular GalnSn alloys 
in contact devices. 



Related Art 



[0003] Because of the connecting channels arranged one behind the other in current-limiting 
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devices featuring several compression spaces, a correspondingly high voltage drop is built up 
during the occurrence of a short circuit by the number of current-limiting partial arcs, the 
voltage drop finally interrupting the short-circuit current. However, the known current- 
limiting devices have too high a current-limiting factor, that is too high a ratio between the 
let-through current and the short-circuit current to be limited. 

Summary of the Invention 

[0004] Therefore, the object of the present invention is to improve the current-limiting 
behavior of a current-limiting device, in particular with respect to its current-limiting factor 
and its response time. 

[0005] On the basis of a current-limiting device of the type mentioned at the outset, the 
objective is achieved according to the present invention by the characterizing features of the 
independent claim while advantageous refinements of the present invention can be gathered 
from the dependent claims. 

[0006] The repulsive electromagnetic forces produced by the opposite current path flow in 
the first connecting conductor and in the liquid metal as well as the concentration of the 
magnetic field by the ferromagnetic body deviate the current path inside the current-limiting 
device in such a manner that, on one hand, an electric arc developing the event of a short 
circuit is lengthened and, on the other hand, the pinch pressure arising in the case of higher 
currents gives rise to a quicker pinch-off of the current path in the region of the connecting 
channels. The magnetic forces which are decisive in the process are in square proportion to 
the current so that the described effect is negligible during nominal operation but the positive 
influence on the current-limiting behavior occurs in the range of the short-circuit currents. 
The described acting mechanism is self-acting, that is it is solely based on the tripping action 
of a short-circuit current and of the resulting magnetic field. 

[0007] Ferromagnetic materials having high to very high relative initial permeabilities can be 
used in an advantageous manner; mention should representatively be made of iron as well as 
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of soft magnetic iron, cobalt or nickel alloys such as permalloy or mu-metal. 

[0008] It is expedient for the desired concentration of the magnetic field if the ferromagnetic 
body extends over the total length of the compression spaces. It is advantageous for the first 
connecting conductor or for the ferromagnetic body to be secured and insulated by the 
pressure-resistant insulating bodies or by a part thereof. The lengthening of the arc is 
additionally increased by the staggered arrangement of the connecting channels. 

[0009] It is advantageous to use a gallium alloy as the liquid metal. Especially GalnSn alloys 
are easy to handle because of their physiological harmlessness. An alloy of 660 parts by 
weight of gallium, 205 parts by weight of indium, and 135 parts by weight of tin is liquid 
from 10°C to 2000°C at normal pressure and possesses sufficient electrical conductivity. 

Brief Description of the Drawings 

[0010] Further details of the present invention ensue from the following exemplary 
embodiment. The appertaining only Figure 1 shows a longitudinal section of a current- 
limiting device according to the present invention. 

Best Ways of Implementing the Present Invention 

[0011] Single-pole current-limiting device 1 contains one electrode 1 1 or 12 made of solid 
metal, preferably of copper, on each of the two sides, respectively, the electrode having a 
rotationally symmetrical design and merging into an outer connecting conductor 2 1 or 22, 
respectively. Located between electrodes 1 1 and 12, are a plurality of compression spaces 3 
which are formed by a corresponding number of ring-shaped sealing disks 4 and a 
corresponding number of insulating intermediate walls 6. Electrodes 1 1 and 12, sealing disks 
4, and intermediate walls 6 are supported by a molded housing 5, known means being 
provided for sealing compression spaces 3 and frictionally connecting elements 11, 12,4 and 
6 which are supported in molded housing 5, however, the known means not being shown for 
reasons of clarity. The means for sealing can be, for example, sealing rings between sealing 
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disks 4 and intermediate walls 6 and electrodes 11, 12, respectively. The means for 
frictionally connecting are, for example, continuous clamping bolts along the two lines 7. 
The two outer compression spaces 3 are each laterally bounded by one of electrodes 1 1 and 
12, respectively, and by an intermediate wall 6. Inner compression spaces 3 are each laterally 
bounded by two intermediate walls 6. The generally multi-part molded housing 5 and sealing 
disks 4 are pressure-resistant first and second insulating bodies. All compression spaces 3 are 
at least partially filled with a liquid metal 8, for example, a GalnSn alloy. Located above 
liquid metal 8 is, for example, a vacuum. Intermediate walls 6 are provided with connecting 
channels 9 below the liquid level. Connecting channels 9 are also filled with liquid metal 8. 

[0012] Left, first connecting conductor 21 which belongs to left, first electrode 1 1 is run 
inside molded housing 5 beneath compression spaces 3 and exits molded housing 5 on the 
right side. Right, second connecting conductor 22 which belongs to right, second electrode 
12 exits molded housing 5 on the right side as well. A ferromagnetic body 10 affixed in 
molded housing 5 extends above compression spaces 3. Second connecting conductor 21 
runs in such a manner that the current through liquid metal 8 and through second connecting 
conductor 22 is directed in the opposite direction, as a result of which a first electromagnetic 
force component Fl is exerted on the current in liquid metal 8. The action of the magnetic 
field influenced by ferromagnetic body 10 exerts a second electromagnetic force component 
F2 on the current in liquid metal 8. Both force components Fl and F2 are directed essentially 
upward but have no significant effect on the current in liquid metal 8 during the normal 
operation of current-limiting device 1. During the occurrence of an external short circuit, 
however, force components Fl and F2 increase to such an extent that the developing current- 
limiting electric arc is considerably deflected inside compression spaces 8 and thus 
lengthened. This condition is indicated by broken line L in Fig. 1 . Due to the lengthened, 
meander-shaped course of the electric arc, the arc resistance increases to a considerable 
degree. Because of the thus reduced ratio of the let-through current to the triggering 
short-circuit current, an improved current-limiting factor is achieved via current- limiting 
device 1 . The lengthening of the current-limiting electric arc is additionally promoted by the 
staggered arrangement of connecting channels 9 belonging to adjacent intermediate walls 6. 
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